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on the cholesterol level to which cells were exposed. The higher
surface expression of IF1 could therefore represent a mechanism to
preserve ATP level on the extra cellular space sparing this from the
F1F0-ATPase mediated hydrolysis.
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In the bacterium Fusobacterium nucleatum, a Na+ motive force is
generated by the fermentation of glutamate via the hydroxyglutarate
pathway, which involves a Na+ pump, the glutaconyl-CoA-decarbox-
ylase. We hypothesized that F. nucleatum contains a Na+-dependent
ATP synthase, which directly uses this smf to produce ATP. Using a
heterologous hybrid ATP synthase expression system, we produced
and isolated the F. nucleatum c-ring and performed a biochemical
labeling study using a ﬂuorescent analogue of the ATP synthase
inhibitor dicyclohexylcarbodiimide. The study demonstrates that this
membrane rotor is coupled to Na+ at neutral pH and in the presence
of 10 mM Na+. We created a homology model of this c-ring and
carried out molecular simulations to assess the characteristics of its
ion-binding sites. The calculations support the notion that this rotor is
coupled to Na+ under physiological conditions, as a result of the
amino-acid make-up of the ion-coordination shell, which includes the
universally conserved carboxylate side-chain as well as other polar
moieties from the protein and a water molecule. Interestingly, among
these there is a second glutamate side chain, which our calculations
suggest is constitutively protonated, effectively replacing a glutamine
in homologous c-rings. Hence it confers neither H+ coupling nor a
signiﬁcantly more pronounced Na+ speciﬁcity. We succeeded to
crystallize this c-ring and to solve its structure by X-ray diffraction at
2.2 Å resolution. The experimental structure shows that the ring
contains 11 c-subunits, which form an hourglass-shaped cylinder
with a central pore. Each c-subunit consists of an a-helical hairpin
with the N- and C-termini on the periplasmic side. The structure also
shows the location of the 11 Na+ binding sites, formed between
neighboring c-subunits on the outer surface of the ring, at the
membrane middle. Importantly, the Na+ coordination network
revealed by the crystal structure is entirely consistent with the
presence of an additional H+, shared between the two carboxylate
side-chains in the binding site. Such a constellation is feasible
considering that F. nucleatum faces temporal chemical changes of its
natural habitat, e.g. the human mouth ﬂora. As this c-ring structure
deviates signiﬁcantly from the structure of a eukaryotic c-ring, thiswork
provides the structural basis for screening of novel drugs against the
ATP synthase of the opportunistic pathogenic bacterium F. nucleatum.
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FoF1-ATP synthase converts the energy of transmembrane proton
ﬂow into the high-energy bond between ADP and phosphate. The
proton motive force that drives this reaction consists of two
components, the pH difference (ΔpH) across the membrane and
transmembrane electrical potential (Δψ). The H+/ATP ratio and the
standard Gibbs free energy of ATP synthase are important parameters
of coupling between proton translocation and ATP synthesis.
Previously, we have developed the highly reproducible, simple
procedures for the preparation of active proteoliposomes and for
kinetic analysis of ATP synthesis which was driven by acid-base
transition and valinomycin-mediated K+ diffusion potential, and
precisely shown the kinetic equivalence between ΔpH and Δψ[1].
Here, to determine the H+/ATP ratio and the free energy of ATP
synthesis for the thermophilic Bacillus PS3 ATP synthase, we
examined how the proton motive force is balanced by counteracting
ATP hydrolysis [2]. We measured the rates of ATP synthesis and
hydrolysis with luciferin-lucifease system as a function of the proton
motive force. For various nucleotide conditions we determined the
equilibrium proton motive force at which FoF1 neither synthesized
nor hydrolyzed ATP. The shift of the equilibrium proton motive
force as a function of [ATP]/[ADP][Pi] indicated the H+/ATP ratio of
3.0±0.4 and the standard Gibbs free energy of ATP synthesis of
36±4 kJ/mol for this thermophilic enzyme.
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Stepwise rotational movements of the H+-ATPsynthase γ-subunit
have been observed in several independent studies. To test if the
stepping rotation involves the entire length of theγ-subunit, or whether
the γ-subunit possesses a rotational bearingwe geneticallymodiﬁed the
mitochondrial H+-ATPsynthase from yeast (Saccharomyces cerevisiae,
YRD15), MFOF1, for ﬂuorescence spectroscopic investigations: A ﬂuo-
rescent protein (Enhanced Green Fluorescent Protein, EGFP) was
attached to the γ-subunit C-terminus via an anti-parallel leucine-zipper
helix in order tomechanically couple aﬂuorescentmarker tomovements
of this domain. For production of a functional fusion protein the genetic
modiﬁcation was introduced via genomic integration and cells were
subsequently grown with ethanol as a carbon source. The EGFP- MFOF1
fusion protein was isolated, puriﬁed and characterized. In addition
to EGFP at the γ-subunit cysteines were introduced either in OSCP-
subunit or in the b-subunit. This allows speciﬁc labeling of these
subunits with ﬂuorophores carrying a maleimide group. Fluorescence
Resonance Energy Transfer (FRET) was measured with these labeled
enzymes using molecule ensembles and with single molecules.
doi:10.1016/j.bbabio.2012.06.073
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The unicellularﬂagellate, Trypanosoma brucei, is a medically impor-
tant parasite that infects humans and livestock. Interestingly, the
mitochondrial (mt) FoF1-ATPase activity is essential in the infectious
form of this pathogen as it hydrolyzes ATP to pump protons into the
mt inner membrane space to maintain the mt membrane potential
(mt ΔΨ) in the absence of a traditional cytochrome mediated respi-
ratory chain. Unlike the well conserved higher eukaryotic FoF1-ATP
synthases, the T. brucei FoF1-ATP synthase complex contains several
trypanosoma speciﬁc subunitswith unknown function. RNAi silencing of
one the largest novel subunits, Tb2930 (40kDa), led to a signiﬁcant
decrease of the mt ΔΨ and consequently to a major growth phenotype,
indicating that the FoF1-ATPase is not functioning properly even though
its structural intergrity seems unchanged. Since this hypothetical
subunit is membrane-bound and co-sediments with both monomeric
and multimeric assemblies of the FoF1-ATPase complex in glycerol
gradients, we propose that Tb2930 might be part of the membrane-
bound Fo moiety or part of the membrane-bound peripheral stalk.
To further explore the function of this intriguing protein, we
silenced the expression of Tb2930 in a strain of trypansoma lacking
mitochondrial DNA and thus subunit a, an essential component of the
Fo moiety and proton pore. These cells maintain their mt ΔΨ by the
electrogenic exchange of ATP4-/ADP3- by the ATP/ADP carrier (AAC)
and the hydrolytic activity of the F1-ATPase moiety. Importantly, the
depletion of Tb2930 resulted in a signiﬁcant growth phenotype
caused by a decreased mt ΔΨ, highlighting its function in the F1-
ATPase/AAC maintained mt ΔΨ. We are currently exploring the
possibility that Tb2930 is responsible for connecting the F1-ATPase
moiety to the mitochondrial membrane in the absence of the Fo
moiety, thus increasing the efﬁciency of the functional association
between F1-ATPase and AAC.
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In mammal, mitochondrial FoF1-ATP synthase (FoF1) produces
most of cellular ATP under aerobic conditions. The activity of FoF1
must be regulated in response to cellular energy demands, but
regulatory mechanisms remain largely unknown. Recently, signaling
pathways involved in energy metabolism, e.g., glucose and lipid
metabolism, have been reported. In addition, several groups reported
that subunits of FoF1 were phosphorylated by protein kinases,
allowing the speculation that mitochondrial ATP synthesis activity is
regulated by protein kinase. In this study, we performed screening for
mitochondrial ATP synthesis in human cultured cell treated with
various protein kinase inhibitors. HeLa cells were treated with each of
80 inhibitors and after 18-hr incubation, mitochondrial ATP synthesis
rate was measured by MASC (Mitochondrial Activity of Storeptolysin
O-permeabilized Cell) assay, a novel method developed by Fujikawa,
et al [1]. Twelve inhibitors were found to reduce mitochondrial ATP
synthesis rate but eight of them have direct effect on cell viability and
mitochondrial membrane potential. The remaining four kinase
inhibitors inhibits ATP synthesis without affecting cell viability and
without dissipating mitochondrial membrane potential, indicating
that they have no uncoupler action and respiratory chain is not
damaged. When the target kinases of these four inhibitors were
knocked-down by RNA interference, ATP synthesis rate was reduced.
Native-PAGE followed by western blotting against anti-FoF1 antibody
revealed that the amount of FoF1-ATP synthase in smMLCK (smooth
muscle type Myosin light chain kinase) knock-down cells was
decreased. In addition, growth of smMLCK knock-down cells was
signiﬁcantly decreased under glucose-deprivation condition. These
results suggest that smMLCK is involved in regulation of ATP
production by FoF1-ATP synthase in mitochondria (but not glycoly-
sis). Thus, we found that some protein kinases inﬂuence the activity
of FoF1-ATP synthase and smMLCK participates in expression or
assembly of FoF1-ATP synthase.
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The ATP synthase catalyzes synthesis of ATP from ADP and
inorganic phosphate by using the transmembrane electrochemical
potential of protons. The catalytic core of ATP synthase, the α3β3γ
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